Introduction
============

Gastroesophageal reflux disease (GERD) is defined as a condition in which the reflux of stomach contents causes troublesome symptoms such as regurgitation, heartburn, chest pain, and/or complications.[@b1-jnm-23-064] GERD is a common disease of digestive system, and an increasing prevalence of GERD has been observed in western countries and Asia.[@b2-jnm-23-064],[@b3-jnm-23-064] As we all know the first line of treatment for GERD is the proton pump inhibitor (PPI);[@b4-jnm-23-064] however, up to 40% of patients failed to control their symptoms on a PPI therapy.[@b5-jnm-23-064] Recent study showed that approximately one third of the patients with refractory reflux symptoms suffered from disorders other than reflux related disease, predominantly functional heartburn (FH).[@b6-jnm-23-064] The pathological mechanism of refractory GERD (RGERD) is remains unclear, multiple factors have been proposed, including abnormal esophageal motility.[@b5-jnm-23-064],[@b7-jnm-23-064]

Impaired esophageal motility is a common finding in GERD patients, including reduced lower esophageal sphincter (LES) basal pressure, extended transient LES relaxation, low peristaltic amplitude, and increased intra-abdominal pressure.[@b8-jnm-23-064]--[@b13-jnm-23-064] While the role of LES in the pathogenesis of GERD has been studied extensively, less attention has been paid to esophageal body peristalsis, even though we believe esophageal peristalsis contribute to esophageal clearance. Previous studies have shown that abnormal esophageal clearance of refluxed content might be induced by impaired esophageal motility.[@b8-jnm-23-064],[@b9-jnm-23-064] Ineffective esophageal motility (IEM), which is characterized by 50% or more of failed or weak contractions,[@b14-jnm-23-064] was proposed to have more clinical and functional relevance, and to be associated with abnormal bolus transit.[@b15-jnm-23-064]--[@b17-jnm-23-064]

High-resolution manometry (HRM) is a more user-friendly and accurate technology than conventional manometry. This technique allows for a dynamic representation of the pressure pattern throughout the entire esophagus.[@b18-jnm-23-064]--[@b20-jnm-23-064] Twenty-four-hour multichannel intraluminal impedance-pH monitoring (MII-pH monitoring) is a sensitive method to detect and characterize reflux events including physiological and pathological acid reflux, weakly acid reflux, and alkaline reflux.[@b21-jnm-23-064],[@b22-jnm-23-064] The patients with refractory gastroesophageal reflux symptoms were classified into reflux related disease and non-reflux related disease by MII-pH monitoring.[@b23-jnm-23-064],[@b24-jnm-23-064] Baseline impedance level (BIL) is one of the parameters measured by MII-pH monitoring, and it reflects the intrinsic electrical conductivity of the esophageal wall. Previous studies have revealed that lower BILs were observed in GERD patients compared with FH patients and healthy subjects, thus demonstrating BILs correlated with acid reflux parameters. Therefore, BILs are considered as an indicator of esophageal mucosal integrity.[@b25-jnm-23-064]--[@b28-jnm-23-064]

There are, however, limited studies comparing the main manometric features, motility patterns, and reflux parameters in RGERD. Our study explored the use of MII-pH monitoring and HRM to investigate Chinese patients with refractory gastroesophageal reflux symptoms off PPI therapy. The primary aim of the present study was to compare abnormal reflux features and BILs composition in well defined subgroups of esophageal body dysmotility, sub-classified by means of HRM. A secondary aim was to assess the correction between pH-impedance features and manometry metrics in the patients with refractory gastroesophageal reflux symptoms off therapy.

Materials and Methods
=====================

Study Subjects
--------------

This retrospective study was approved by the Ethical Committee of First Affiliated Hospital of Nanjing Medical University. All subjects were from the First Affiliated Hospital of Nanjing Medical University outpatient clinics from Jan 2014 to Feb 2016 in this study. Inclusion criteria included age of 18 years or older and any gender. All patients had typical heartburn or regurgitation, lasting \> 6 months, and their reflux disease questionnaire scores were not less than 12.[@b29-jnm-23-064] All patients were treated with omeprazole 20 mg or rabeprazole 10 mg bid for at least 12 weeks, and their improvement of symptoms was \< 50% who were defined as refractory.[@b23-jnm-23-064] All subjects underwent endoscopy at 1 month before analysis, and the degree of mucosal injury was graded according to the Los Angeles classification.[@b30-jnm-23-064] Patients were excluded if they had a history of peptic ulcer, gastrointestinal tumor or surgery, or severe esophageal motility disorders. In addition, subjects were also excluded if they were found to have abnormalities other than erosive esophagitis or chronic superficial gastritis. In addition, all identifying information about the patients was removed from our records before analyses in order to protect the patients' privacy.

High-resolution Manometry
-------------------------

Subjects off PPIs, H~2~-antagonist or prokinetic drug therapy at least 1 week underwent HRM and MII-pH monitoring. The HRM catheter (Given Imaging, Duluth, GA, USA) was placed transnasally in order to record the pressure from the hypopharynx to the stomach. The manometric protocol included 1-minute baseline recording and 10 swallows of 5 mL of warm water. The HRM results were analyzed using the Manoview analysis software (Given Imaging). According to the Chicago Classification Criteria version 3.0,[@b14-jnm-23-064] ineffective esophageal motility (IEM) was defined by 50% or more ineffective swallows, which had DCI \< 450 mmHg·sec·cm. Based on the distance between the LES and crural diaphragm (CD), 3 subtypes of esophagogastric junction (EGJ) morphology were observed: type I (no discernible LES-CD separation), type II (1--2 cm LES-CD separation), and type III (\> 2 cm LES-CD separation). The following metrics were recorded: integrated relaxation pressure (IRP), LES basal pressure, LES length, proximal esophageal pressure (PEP), middle esophageal pressure (MEP), distal esophageal pressure, distal contractile integral (DCI), upper esophageal sphincter (UES) basal pressure, and large breaks.

Esophageal Multichannel Intraluminal Impedance and pH Monitoring
----------------------------------------------------------------

Subjects underwent MII-pH monitoring using an ambulatory monitoring system (Given Imaging). The catheter was placed in certain place of the distal esophagus through the nasal cavity. The pH sensor was placed at 5 cm above the LES (which was located by HRM), and 6 impedance values (z1, z2, z3, z4, z5, and z6) were recorded at 6 sites (17, 15, 9, 7, 5, and 3 cm above the LES, respectively). Patients were asked to record the onset of all heartburn or regurgitation symptoms, record meal times, and time of assuming the supine posture.

The following reflux parameters were recorded: the number and type of reflux episodes;[@b31-jnm-23-064] DeMeester score; number of long term acid reflux (\> 5 minutes); percent of time pH \< 4 (supine); and acid exposure time (AET). AET was defined as the distal esophageal total time with pH below 4, divided by the total time of monitoring. BILs were assessed in a manner blinded to the diagnostic results at 3 time points (around 00:00 am, 10:00 am, and 4:00 pm), avoiding proximity to any period of swallowing or reflux. Each BIL represents the average level of 3 suitable baseline levels around each time point. We chose BILs from the fifth impedance channel (z5, 5 cm above the LES) to analyze their correction with reflux parameters and HRM parameters, where there was a pH sensor to ensure that BILs were selected just when the pH was \> 6.

The data of reflux events and parameters were measured by automatic analysis software of the monitoring system with manual modifications by the 2 investigators (Liuqin Jiang and Bixing Ye). Reflux episodes were calculated by acid, weakly acid and alkaline according to a consensus report.[@b32-jnm-23-064] Abnormal acid exposure was defined as the AET exceeding 4.2%. The patients were classified as having abnormal reflux if reflux parameters such as reflux percent time and number of reflux episodes were above the normal limit. Symptom correlation with reflux was evaluated by symptom index (SI). SI was defined as the number of times the symptom occurred when reflux episodes took place, divided by the total number of times the symptom was reported, multiplied by 100 percent.[@b33-jnm-23-064] A SI ≥ 50% was considered as positive, which was calculated in terms of acid reflux related, weakly acid reflux related, and alkaline reflux related, respectively.[@b34-jnm-23-064] The subjects with AET \< 4.2%, no abnormal reflux, and SI \< 50% were considered as FH.[@b35-jnm-23-064]

Statistical Methods
-------------------

Data are expressed as means ± SD. We used Student's *t* test when 2 groups were compared, and the variance for difference in mean values was analyzed. Comparisons of proportions were calculated using the *x*^2^ test. Correlation between HRM and pH-impedance parameters were performed with Pearson's correlation coefficient (two-tailed). A *P* \< 0.05 was considered statistically significant. Statistical analysis was performed using SPSS version 19.0 for windows (SPSS, Chicago, IL, USA).

Results
=======

Demographic and Clinical Characteristics
----------------------------------------

A total of 48 consecutive patients (30 males, mean age 54.5 ± 15.2 years) with refractory gastroesophageal reflux symptoms were included for analysis. All patients tolerated MII-pH monitoring and HRM, and had no adverse reaction. Sixteen erosive esophagitis patients (3 with Los Angeles classification grade C) and 32 non-erosive patients were confirmed under endoscopy, and none of patients were found to have Barrett's esophagus. Base on the results of MII-pH monitoring, 20 patients had abnormal acid reflux, 12 had abnormal weakly acid reflux, and 28 had abnormal alkaline reflux, while 8 subjects were diagnosed as FH; while there were 14 patients with abnormal acid reflux SI (+), 10 with abnormal weakly acid reflux SI (+), and 8 with abnormal alkaline reflux SI (+). Detailed demographic data and MII-pH monitoring parameters are summarized in [Table 1](#t1-jnm-23-064){ref-type="table"}.

Manometry Profile, pH-impedance Parameters and Baseline Impedance Levels
------------------------------------------------------------------------

All subjects were eligible for HRM testing, and none of subjects were found to have the evidence of achalasia, EGJ outflow obstruction, and major peristalsis disorders. Twenty-four subjects evaluated by HRM showed IEM, and the other 24 had normal esophageal motility. Thirty-six (7.5%) large breaks of esophageal peristalsis were observed among 480 wet swallows.

The IEM group had significantly more large break occurrences than the normal motility group (*P* \< 0.001). LES abdominal length, PEP, MEP, distal esophageal pressure, and DCI were significantly lower in the IEM group than the normal group (*P* = 0.014, *P* \< 0.001, *P* = 0.003, *P* \< 0.001, respectively). UES and LES basal pressure, IRP, numbers of large breaks, numbers of different type EGJ morphology were similar between the 2 groups ([Table 2](#t2-jnm-23-064){ref-type="table"}).

The IEM group had more patients with abnormal weakly acid reflux and with long term acid reflux than the normal group (*P* = 0.008 and *P* = 0.004, respectively), however, other MII-pH monitoring parameters were similar between the 2 groups ([Table 3](#t3-jnm-23-064){ref-type="table"}).

BILs from z4 to z6 were a little lower in IEM group than normal group, but there was no statistically significant difference (2911 ± 1160 Ω vs 3604 ± 1232 Ω, *P* = 0.172; 2766 ± 1254 Ω vs 3752 ± 1439 Ω, *P* = 0.087; 2349 ± 1131 Ω vs 3038 ± 1254 Ω, *P* = 0.171) ([Figure](#f1-jnm-23-064){ref-type="fig"}).

Correlation Between pH-impedance Parameters and High-resolution Manometry Metrics
---------------------------------------------------------------------------------

There were significant relationships between HRM metrics and MII-pH monitoring parameters ([Table 4](#t4-jnm-23-064){ref-type="table"}). AET showed significant negative correlation with PEP, MEP, and DCI (*r* = −0.479, −0.451, −0.463, respectively, all *P* \< 0.05). Similarly, numbers of long term acid reflux had significant negative correlation with PEP, MEP, DCI, and LES length (*r* = −0.502, −0.455, −0.475, −0.579, respectively, all *P* \< 0.05). Numbers of weakly acid reflux showed negative correlation with DCI, LES basal pressure, and IRP (*r* = −0.438, −0.452, −0.612, respectively, all *P* \< 0.05). Distal BIL showed significant correlation with UES basal pressure and PEP (*r* = 0.489, *P* \< 0.05; *r* = 0.634, *P* \< 0.05). However, there were no significant correlation between SI and HRM metrics.

Discussion
==========

The role of IEM has not been well characterized in patients with RGERD. Ho et al[@b36-jnm-23-064] demonstrated that half of GERD patients had been diagnosed with IEM on manometry, and patients with Barrett's esophagus had a strong predilection toward this abnormality. Our results were consistent with the above research: among all patients, no patients were observed with severe and major disorders of esophageal motility, but half of patients had IEM, and 7.5% of wet swallows were considered as large breaks of esophageal peristalsis.

We believe that in general, the more abnormal the esophageal peristalsis, the worse the gastroesophageal reflux. Diener et al[@b15-jnm-23-064] reported that GERD patients with IEM were associated with longer esophageal acid exposure, more frequent and longer reflux episodes, and slower esophageal acid clearance than those without IEM. Our study demonstrated that there were more patients with weakly acid reflux and long term acid reflux in RGERD patients with IEM than those without IEM. But episodes of acid reflux or nonacid reflux were similar between the 2 groups. Our findings showed there were significant relationships between some of the HRM metrics and MII-pH monitoring parameters. AET, numbers of long term acid reflux, and numbers of weakly acid reflux were found to be significantly and negatively correlated with esophageal body motility; moreover, numbers of long term acid reflux and numbers of weakly acid reflux were also negatively correlated with LES function or length. However, there was no statistically significant correction between numbers of acid or non-acid reflux and esophageal body dysmotility in our data, and similarly between SI and esophageal dysmotility.

We have yet to figure out a clear explanation for our above findings. IEM was indicated to be more likely to be associated with impaired bolus transit and esophageal clearance,[@b16-jnm-23-064],[@b37-jnm-23-064] which could partly explain the above results. But how reflux occurs is a complex process, which is an imbalance between the ability of anti-reflux and reflux, and RGERD is more complicated than normal GERD. Previous studies had revealed that RGERD was more strongly related with weakly acid reflux and alkaline reflux than acid reflux. [@b6-jnm-23-064],[@b24-jnm-23-064],[@b38-jnm-23-064],[@b39-jnm-23-064] Furthermore, long term usage of PPI might reduce the detective acid reflux episodes difference between the 2 groups. In addition, only 48 patients were enrolled in our study, and the small sample size might be related with the results. Overall, our data supported that esophageal motility might partly impact RGERD patients via esophageal body motility, including wave amplitude and DCI and LES function, but not only LES function.

Diener et al[@b15-jnm-23-064] revealed that among patients with esophageal dysmotility, severe esophagitis was present more often. Other researchers also found that worse esophageal peristalsis was accompanied by more severe esophageal mucosal injury.[@b8-jnm-23-064],[@b40-jnm-23-064] In our study, no patients with Barrett's esophagus was observed, and the severity of esophagitis were similar between the 2 groups. While distal esophageal BILs were a little lower in patients with IEM than those without IEM, there was no statistical significance. Based on that BIL reflected the esophageal mucosal integrity, our data did not show significant difference in esophageal mucosal injury between the IEM and normal motility groups.

Overall, it is reasonable to hypothesize that the frequency of IEM increases in parallel with the severity of GERD. However, the severity of esophageal mucosal damage is the result of balancing between reflux materials and esophageal anti-reflux, and increased gastroesophageal reflux could lead to a reduction in esophageal compliance and an increased resistance during bolus movement with a consequent delayed bolus transport. IEM could be partly related to esophageal mucosal injury based on that IEM was associated with impaired bolus transit and esophageal clearance;[@b16-jnm-23-064],[@b37-jnm-23-064] moreover, it could be more complicated in RGERD patients. Long term usage of PPIs is unlikely to improve the RGERD patients' symptoms, but it could reduce esophageal inflammation and lead to negative endoscopy findings. In general, our results suggested that esophageal dysmotility alone could not explain the data above and that other mechanisms might be involved in esophageal mucosal injuries. But our findings about acid reflux episodes and esophageal mucosal injury between the 2 groups were parallel on the basis that esophageal mucosal injury relates more with acid reflux.[@b41-jnm-23-064]

According to our results, we believe that a more in-depth pathophysiological evaluation of IEM and reflux parameters could be of help to better investigate patients with refractory gastroesophageal reflux symptoms. Nevertheless, limitations exist in our study: (1) our study was retrospective, and we could not collect enough information such as smoking, drinking, BMI, detailed drugs except PPI, and the severity of reflux symptoms; (2) all patients came from our single clinical center, the numbers were limited, and we lack regular GERD patients and a normal population; and (3) there was high prevalence of esophagitis in our study, which might be associated with the design of the retrospective study and small sample size.

IEM still remains an under-recognized and under-treated condition. Only a limited handful of studies have presented the role of IEM in RGERD patients, and we still have no idea about whether the presence of IEM was a primary or secondary abnormality during the disease process. It is a challenge to administer effective treatments for persistent RGERD patients, on which more studies are required to clarify effective therapy to restore normal esophageal peristalsis and to improve reflux symptoms in RGERD patients with IEM.

In conclusion, this study evaluated up and coming variables of HRM and MII-pH monitoring in RGERD to assess the differences and similarities in RGERD patients with/without IEM. Based on our data, IEM was associated more with acid exposure, abnormal weakly acid reflux and long term acid reflux. We believe that the assessment of the relationship between esophageal motility and reflux parameters could help to further understand the pathophysiological mechanisms of RGERD. However, the results from our study warrant further research in RGERD patients to validate the effect of esophageal dysmotility, including the disorders of esophageal body peristalsis and LES.
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###### 

Baseline Characteristics of Subjects

  Characteristics                           Total patients (n = 48)
  ----------------------------------------- -------------------------
  Age (mean ± SD, yr)                       54.5 ± 15.2
  Male (n \[%\])                            30 (62.5)
  Upper endoscopy finding (n \[%\])         
   Erosive esophagitis                      16 (33.3)
   Non-erosive reflux disease               24 (50.0)
  FH (n \[%\])                              8 (16.7)
  Patients with abnormal reflux (n \[%\])   
   Acid reflux                              20 (41.7)
   Weakly acid reflux                       12 (25.0)
   Alkaline reflux                          28 (58.3)
  Symptom reflux association (n)            
   Acid reflux SI (+)                       14
   Weakly acid reflux SI (+)                10
   Alkaline reflux SI (+)                   8

FH, functional heartburn; SI, symptom index.

###### 

High-resolution Manometry Metrics of Ineffective Esophageal Motility and Normal Motility

                                         IEM (n = 24)    Normal (n = 24)   *P*-value
  -------------------------------------- --------------- ----------------- -----------
  Age (mean ± SD, yr)                    54.7 ± 14.4     54.4 ± 16.6       0.970
  Male (n \[%\])                         18 (75.0)       12 (50.0)         0.074
  UESP (mean ± SD, mmHg)                 61.0 ± 26.3     97.5 ± 52.5       0.075
  LESP (mean ± SD, mmHg)                 16.0 ± 10.6     22.0 ± 8.0        0.129
  LESL (mean ± SD, mmHg)                 3.3 ± 1.2       4.1 ± 0.9         0.102
  LES abdominal length (mean ± SD, cm)   1.9 ± 0.6       2.5 ± 0.9         0.033
  IRP (mean ± SD, mmHg)                  8.1 ± 7.4       10.6 ± 4.2        0.320
  Large breaks (n \[%\])                 30 (12.5)       6 (2.5)           \< 0.001
  PEP (mean ± SD, mmHg)                  42.7 ± 14.3     71.2 ± 26.6       0.014
  MEP (mean ± SD, mmHg)                  47.3 ± 11.7     91.3 ± 26.6       \< 0.001
  DEP (mean ± SD, mmHg)                  46.9 ± 18.8     88.8 ± 36.0       0.003
  DCI (mean ± SD, mmHg·sec·cm)           349.8 ± 204.1   1403.3 ± 720.3    \< 0.001
  EGJ morphology (n \[%\])                                                 
   Type I                                16 (66.7)       20 (83.3)         0.182
   Type II                               6 (25.0)        3 (12.5)          0.267
   Type III                              2 (8.3)         1 (4.2)           0.551

IEM, ineffective esophageal motility; UESP, upper esophageal sphincter basal pressure; LESP, lower esophageal sphincter basal pressure; IRP, integrated relaxation pressure; PEP, proximal esophageal pressure; MEP, middle esophageal pressure; DEP, distal esophageal pressure; DCI, distal contractile integral; EGJ, esophagogastric junction.

###### 

Endoscopy Findings and Multichannel Intraluminal Impedance-pH Monitoring Parameters of Ineffective Esophageal Motility and Normal Motility

                                            IEM           Normal        *P*-value
  ----------------------------------------- ------------- ------------- -----------
  Upper endoscopy finding (n \[%\])                                     
   Erosive esophagitis                      8 (33.3)      8 (33.3)      
   LA-C                                     2 (8.3)       1 (4.2)       0.551
  FH (n \[%\])                              4 (16.7)      4 (16.7)      
  AET (mean ± SD, %)                        4.4 ± 3.3     4.2 ± 4.6     0.900
   Reflux episodes (mean ± SD, n)                                       
    Acid reflux                             64.5 ± 16.4   86.2 ± 28.6   0.517
    Weakly acid reflux                      31.6 ± 9.5    17.6 ± 5.7    0.220
    Alkaline reflux                         4.1 ± 1.8     3.3 ± 1.8     0.743
  Patients with abnormal reflux (n \[%\])                               
   Acid reflux                              12 (50.0)     8 (33.3)      0.242
   Weakly acid reflux                       10 (41.7)     2 (8.33)      0.008
   Alkaline reflux                          12 (50.0)     16 (66.7)     0.242
   Long term acid reflux                    18 (75.0)     8 (33.3)      0.004

IEM, ineffective esophageal motility; LA-C, Los Angeles classification grade C; FH, functional heartburn; AET, acid exposure time.

###### 

Correlation Between pH-impedance Parameters and High-resolution Manometry Metrics

         AET                                                No. of long term acid reflux                       Recumbent acid reflux   Acid reflux episodes   Weakly acid reflux episodes                        Alkaline reflux episodes   SI       Distal BIL
  ------ -------------------------------------------------- -------------------------------------------------- ----------------------- ---------------------- -------------------------------------------------- -------------------------- -------- -------------------------------------------------
  UESP   0.226                                              0.123                                              0.374                   0.243                  0.207                                              0.197                      −0.472   0.489[a](#tfn7-jnm-23-064){ref-type="table-fn"}
  PEP    −0.479[a](#tfn7-jnm-23-064){ref-type="table-fn"}   −0.502[a](#tfn7-jnm-23-064){ref-type="table-fn"}   −0.393                  −0.219                 −0.285                                             −0.188                     0.280    0.634[b](#tfn8-jnm-23-064){ref-type="table-fn"}
  MEP    −0.451[a](#tfn7-jnm-23-064){ref-type="table-fn"}   −0.455[a](#tfn7-jnm-23-064){ref-type="table-fn"}   −0.370                  −0.243                 −0.422                                             −0.053                     0.024    0.361
  DEP    −0.366                                             −0.404                                             −0.263                  −0.165                 −0.389                                             −0.014                     0.319    0.140
  DCI    −0.463[a](#tfn7-jnm-23-064){ref-type="table-fn"}   −0.475[a](#tfn7-jnm-23-064){ref-type="table-fn"}   −0.397                  −0.255                 −0.438[a](#tfn7-jnm-23-064){ref-type="table-fn"}   −0.123                     0.206    0.360
  LESL   −0.371                                             −0.579[b](#tfn8-jnm-23-064){ref-type="table-fn"}   −0.240                  −0.087                 −0.13                                              0.198                      0.544    0.395
  LESP   −0.215                                             −0.207                                             −0.240                  −0.123                 −0.452[a](#tfn7-jnm-23-064){ref-type="table-fn"}   −0.158                     0.291    0.417[a](#tfn7-jnm-23-064){ref-type="table-fn"}
  IRP    −0.158                                             −0.342                                             −0.282                  0.033                  −0.612[b](#tfn8-jnm-23-064){ref-type="table-fn"}   −0.080                     0.28     0.295

AET, acid exposure time; SI, symptom index; BIL, Baseline impedance level; UESP, upper esophageal sphincter basal pressure; PEP, proximal esophageal pressure; MEP, middle esophageal pressure; DEP, distal esophageal pressure; DCI, distal contractile integral; LESL, lower esophageal sphincter length; LESP, lower esophageal sphincter basal pressure; IRP, integrated relaxation pressure.

Pearson's correlation coefficient, *r*.

*P*-values were calculated using Pearson's correlation analysis.

*P* \< 0.05 and

*P* \< 0.01 were considered statistically significant.
